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Abstract 
The Air Force is working hard to reduce the shortage of nearly 2,000 pilots that threatens 
the Air Force’s core mission. Officials have focused on increasing retention and training 
throughput. Despite this, the first Pilot Training Next class graduated in August of 2018 
with 13 of the initial 20 students (65.5% graduation rate). The purpose of this research is 
to explore attrition reduction by understanding how class composition of individual 
abilities and personalities affects the class graduation rate. Using AFOQT scores, SDI+ 
scores, PCSM scores, flight hours, and college GPAs, correlations were studied and a 
simple linear regression was run with the variables to determine relationships. This study 
resulted in the creation of models to help decision makers plan classes to optimize 
success rates.  Additionally, correlations between group scores and graduation rates were 
compared to correlations between individual scores and individual performance. Decision 
makers can employ these findings in the creation of future classes to increase 
performance and decrease attritions.  
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UDERGRADUATE PILOT TRAINING ATTRITION: AN ANALYSIS OF 
INDIVIDUAL AND CLASS COMPOSITION COMPONENT FACTORS 
 
I.  Introduction 
General Issue 
The success of the United States Air Force (USAF) mission relies on the 
availability of resources, both aircraft and people. The Air Force needs approximately 
20,000 pilots to support its 5,500 aircraft (Axe 2018). Unfortunately, the Air Force fell 
short of this requirement. In September 2016, the Air Force announced there was a 
shortage of 1,555 pilots  and by December, 2017, the shortage had grown to nearly 2,000 
(Secretary of the Air Force Public Affairs, 2017; Panzino, 2018). The decrease in pilots 
can be attributed to experienced pilots leaving the Air Force at a faster rate than they can 
train new pilots. The Air Force chose to focus their efforts on both ends of the problem, 
retention and training throughput (Losey 2018).  
 
(United States Government Accountability Office 2018)    
Figure 1: Air Force Active Component: Fighter Pilot Actual Staffing Levels 
Compared with Authorizations, Fiscal Years 2006-2017 
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Over recent years the Air Force began the process of implementing initiatives to 
retain experienced pilots. These initiatives included an increase in aviation incentive pay, 
expanding the Aviation Bonus Program, and implementing the Voluntary Rated Return to 
Active Duty program which will enable retired pilots to return to service (Secretary of the 
Air Force Public Affairs 2017). The Air Force will also be testing an Aviator Technical 
Track in which certain mobility pilots can remove themselves from non-flying duties to 
get more time in the air and even remain at the same base for up to five years as desired 
(Panzino 2018).  
To increase pilot production, programs are in the pipeline to address training 
capacity limitations. The Air Force updated the Undergraduate Pilot Training (UPT) 
syllabi and reduced training time from 54 to 49 weeks (Pawlyk 2018). They also 
introduced Pilot Training Next (PTN), with virtual reality training devices that can be 
used outside of the classroom. This changed the typical read and visualize study session 
into realistic, read, visualize and practice session. Trainees that excel are moved up faster 
while trainees who need extra time move up at a slower pace, allowing each member to 
get an individualized level of instruction (Pawlyk 2018). These changes turned the 
normal 12 month timeframe into a flexible six to eight months (Pawlyk 2019). The goal 
is to increase training capacity to 1,500 trainees each year, by 2022 (Losey 2018).  
Pilot candidates are administered cognitive and personality tests and 
competitively vetted through selection boards by senior leaders. The process is designed 
to weed out questionable candidates. Despite this, trainees are still removed from 
training, primarily because of the following reasons: personal (Drop on Request, DOR), 
medical, academic performance, or flying performance (Schulker et al., 2018, p.34). 
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Schulker’s study included pilot training data from 2009-2014 in which students were 
eliminated at the following rates: 9% during Phase 1: Academic/Ground Training, 8% in 
Phase 2: Primary Flying Training (T-6, PFT), and 2% during Phase 3: Advanced Flying 
Training (T-1, T-38, TH-1H. or RPA) (2018). Of those rates, flying performance, DOR, 
and academic eliminations accounted for 8%, 7%, and 1%, respective to each level of 
training (2018). Applying these historical rates to the increased capacity of 1500 would 
produce 269 attritions. In fact, the first updated PTN class graduated in August of 2018 
with 13 of the initial 20 students (65.5% graduation rate) (Pawlyk 2019). This suggested 
that increasing capacity should be coupled with a focus on decreasing attritions to 
increase training throughput and alleviate the manning gap.  
Problem Statement 
The Air Force has a pilot manning shortage and attrition in UPT is a contributing 
factor. 
Purpose Statement 
The purpose of this study is to identify and explore linear relationships between 
class mean cognitive and personality scores and the class graduation percentage.  
Research Focus 
The research focus will be on analyzing pilot training records to identify 
components that have the greatest impact on the probability of graduation. These 
components could be from to Air Force Officer Qualifying Test (AFOQT), Self-
Description Inventory + (SDI+), or Pilot Candidate Selection Method (PCSM) scores, 
prior pilot experience (Flight Hours), or college performance (GPA). The goal is to 
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determine if any of these components could be exploited to group classes in such a way 
to reduce attrition.  
Limitations 
This data contains only USAF trainees. Data for students from other services and 
countries are not available and therefore created holes in the classes. Classes with 
significant missing student data could skew the results so only classes with at least 75% 
of the students were included in the analysis. This percentage was chosen in order to 
optimize the number of classes while still providing an adequate student sample.  
Students who do not complete training do not have training performance data.  
Therefore, a direct comparison of scores to performance is not capable for attritions.  
Additionally, while the type of attrition is provided, there is no way to determine the 
context of the attrition so each attrition is treated the same, even though they are not.  
The data primarily contained students who had taken the Form S version of the 
AFOQT. There were only three classes with 75% of the data on the updated Form T 
facets. Therefore, these facets were not analyzed in this research.  
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II.  Literature Review 
Pre-Accession Testing 
Pilot selection and training is a highly competitive process involving multiple 
tests and phases. Candidates must complete the AFOQT, a measure of cognitive ability, 
and the included SDI+ subtest, a measure of personality. Eligible members are boarded 
by members of their commissioning source and only the top candidates are accepted into 
the program.  
  AFOQT. 
The AFOQT is a multiple-choice test consisting of cognitive subtests and the 
SDI+ section (Barron, Carretta, and Rose 2016). It has been modified over the years in an 
attempt to find the best means of testing for military career field aptitude. From 2005 to 
2014, the AFOQT Form S was administered. It had eleven subtests included Verbal 
Analogies, Arithmetic Reasoning, Word Knowledge, Math Knowledge, General Science, 
Table Reading, Hidden Blocks, Rotated Blocks, Instrument Comprehension, Block 
Counting, and Aviation Information. These subtest scores were distributed into five 
composite scores: Verbal (V), Quantitative (Q), Academic Aptitude (AA), Pilot (P), and 
Navigator/Technical [also known as Combat Systems Officer (CSO)]. Table 1 shows the 
distribution of the test scores into each of the composites.  
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Table 1: AFOQT Form S Composite Composition 
In August of 2014, the AFOQT Form T was introduced. This version removed 
Hidden Figures and Rotated Blocks and replaced them with Reading Comprehension and 
Situational Judgement (Situational Judgement is still considered experimental and not 
included in this assessment). Additionally, Physical Science replaced the General Science 
test. The Form T composite scores are: V, Q, AA, P, CSO, and Air Battle Management 
(ABM) (Carretta, King, Ree, Teachout, & Barto, 2016). Table 2 is a distribution of the 
Form T’s ten tests into the re-designated six composites. 
Table 2: AFOQT Form T Composite Composition 
  V Q AA P CSO ABM 
Verbal Analogies (VA) X 
 
X 
  
X 
Arithmetic Reasoning (AR) 
 
X X 
  
  
Word Knowledge (WK) X 
 
X 
 
X   
Math Knowledge (MK) 
 
X X X X X 
Instrument Comp. (IC) 
   
X 
 
X 
Block Counting (BC) 
    
X X 
Table Reading (TR) 
   
X X X 
Aviation Information (AI) 
   
X 
 
X 
Reading Comprehension (RC) X 
 
X 
  
  
Physical Science (PS)             
Note: PS does not contribute to any composites score. 
  V Q AA P CSO 
Verbal Analogies (VA) X 
 
X 
 
X 
Arithmetic Reasoning (AR) 
 
X X X X 
Word Knowledge (WK) X 
 
X 
 
  
Math Knowledge (MK) 
 
X X X X 
Instrument Comp. (IC) 
   
X   
Block Counting (BC) 
    
X 
Table Reading (TR) 
   
X X 
Aviation Information (AI) 
   
X   
Rotated Blocks (RB) 
    
  
General Science (GS) 
    
X 
Hidden Figures (HF)           
Note: RB and HF do not contribute to any composites score. 
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SDI+. 
The SDI+ is a 220-question subtest of the AFOQT, which assesses the Big Five 
personality domains: Neuroticism, Extraversion, Openness, Agreeableness and 
Conscientiousness; and an Air Force specific measure: Machiavellianism. The Form S 
version was broken down into the six domains with twenty facets. The Form T 
maintained the six domains but was modified with the deletion of six facets and 
addition/update of sixteen facets for a total of thirty (Manley and Weissmuller 2017). 
Table 3 depicts the six domains and facets under both versions.  
Table 3: AFOQT Form S and Form T SDI+ Domains and Facets  
Domain Form S Facets Form T Facets 
A – Agreeableness Team Player Team Player 
 Pleasant Pleasant 
 Helpful-Altruistic Helpful-Altruistic 
 Considerate Optimist 
 Hyper Competitive Well-Adjusted 
N – Neuroticism Stress-Under-Pressure Stress-Under-Pressure 
 Temperamental Temperamental 
 Worry Worry 
  Angry-Hostility 
E - Extraversion Unassertive Reserved 
 Sociable Dominance-Leader 
 Dominance Excitement-Seeking 
  High-Intensity Pleasure 
  Activity 
  Spontaneous-Variety 
C - Conscientiousness Achievement-Striving Achievement-Striving 
 Order Order 
  Self-Discipline 
  Deliberation 
  Unconventional 
O - Openness Creative Creative 
 Reflective Reflective 
 Scientific Interest Scientific Interest 
 Cultured Cultured 
  Imagination 
8 
M - Machiavellianism Envious Envious 
 Individualistic Cynical View 
 Self-Serving Interpersonal Tactics 
  Influence Tactics 
  Independent 
TBAS/PCSM. 
The Test of Basic Aviation Skills (TBAS) is a computer-administered cognitive 
and perceptual-motor test battery designed to measure pilot aptitude. The TBAS battery 
consists of eight subtests that assess psychomotor skills, psychomotor multitasking, and 
spatial orientation. (Rose et al. 2014). Weighted scores from the AFOQT Pilot Composite 
and TBAS composite are combined with a prior flying experience to form the PCSM 
score, a percentile ranking between 1-99 (Carretta, 2013). 
Relevant Research 
Several studies have validated the ability of the AFOQT to predict aircrew 
training success (Arth et al. 1990; Carretta 2008; 2013; Carretta and Ree 1995; 2000; 
Finegold and Rogers 1984; Olea and Ree 1993). Carretta and Ree noted that of the 
AFOQT subtests, the best predictors of success during Phase 1 was Arithmetic 
Reasoning; Phase 2 was Aviation Information and Instrument Comprehension; and Phase 
3 was Scale Reading (1995). In addition to the AFOQT, Carretta determined the PSCM 
score correlation with T-6 completion was .53 (2011). 
A study by Manley showed the internal consistency of the SDI+ domains as 
Agreeableness: .97, Neuroticism: .95, Extraversion: .96, Conscientiousness: .95, 
Openness: .89, and Machiavellianism: .75. The study further explains that 
Machiavellianism is lower due to it having less questions that feed into it. With only 9 
9 
questions that make up the scale, it has more than 2 to 5 times less than the other 
domains. The study concludes the SDI+ has many possible uses including the 
classification of members into Air Force Specialties for increased training success (2011). 
Other studies have validated the use of cognitive and personality testing to 
individual pilot trainee performance (Carretta, 2011; Carretta et al., 2014; King et al., 
2013; Teachout et al., 2013). Statistically significant relationships were found between 
the AFOQT, and SDI+, showing the USAF is using measures that correlated to some 
degree the performance of an individual in training.  
Other studies link the AFOQT to success after pilot training.  One such study by 
Rose et all, studied the success of pilot training by comparing AFOQT scores of 
graduated students to whether they were stratified on their first officer performance report 
(OPR). The study found that the Pilot composite and all the subtests which form it (AR, 
MK, IC, TR and AI) were predictors for stratification on the first OPR (2014).  
The Gap 
There has been a lot of research into the correlation of individual success through 
these measures. What has not been studied is the correlation of these tests to group 
success. If there is a linear relationship between cognitive and personality results amongst 
members in a class and the overall success (graduation rate) of that class, could class 
members be selected in a manner which forms a better team, and thereby decreases 
attrition rates?  
  
10 
III.  Methodology 
UPT Data 
Air Force Personnel Center (AFPC) provided UPT student data from 2010 to 
2018 which was used as a representative sample of pilot training classes. The data was 
for 12,001 students across all levels of training for a total of 27,897 lines of data. The 
data was scrubbed down to focus on T-6 training at Columbus Air Force Base (AFB), 
Laughlin AFB, and Vance AFB. While Sheppard AFB also has a T-6 training program, it 
was removed due to the uniqueness of its Euro-NATO Joint Jet Pilot Training Program 
(ENJJPT) program. After scrubbing the data, there were a total of 5,565 students, 406 of 
these were attritions.  
The data includes personnel information, AFOQT scores, SDI+ scores, PCSM 
scores, and student performance scores and rankings. Some student information was 
incomplete, lending to gaps in the information, as illustrated by the accession source and 
demographics tables below, showing less than 5,565 personnel.  
Exploring the Data 
Using the available data, attritions were examined by accession source, 
demographics, base, and type.  
Table 4: Attrition by Accession Source 
 USAFA ROTC OTS Other Total 
Source Total 1162 2485 1384 463 5031 
Attritions 84 199 90 28 373 
Attrition % 7.23% 8.01% 6.50% 6.05%  
Average Age 20.65 20.00 24.31 24.51  
11 
Table 4 details attritions by accession source. Of the three main accession sources, 
the majority of candidates came from the Reserve Officer Training Core (ROTC). This is 
understandable because ROTC programs are in hundreds of civilian universities across 
the nation and supply a large body of candidates. ROTC candidates also suffer from the 
highest attrition rate which may be harder to explain. Some would argue that United 
States Air Force Academy (USAFA) students have a strict college regiment so 
transitioning to pilot training may be less of a culture shock than to those transitioning 
from a civilian institution. Officer Training School (OTS) candidates have the lowest 
graduation rate of the three main sources. This could be for a multitude of reasons. One 
reason could be a greater maturity level as the average age of OTS accessions is roughly 
four years older than ROTC and USAFA candidates. Or maybe the OTS rate is driven 
down by those candidates with prior enlisted, and possibly aircrew, experience who are 
already familiar with the structure and expectations of the military and military training.  
Table 5: Attrition by Demographics 
 
Gender 
Totals 
Hispanic Indian/ 
Alaska 
Native 
Asian Black or 
African 
American 
Hawaiian 
/ Other 
Pacific 
Islander 
White 
Male 5068 273 26 182 156 43 4399 
Attritions 351 44 2 18 24 5 265 
Male % 6.93% 16.12% 7.69% 9.89% 15.38% 11.63% 6.02% 
Female 451 20 7 18 9 6 403 
Attritions 49 5 1 1 4 0 39 
Female 
% 
10.86% 25.00% 14.29% 5.56% 44.44% 0.00% 9.68% 
Table 5 shows a breakdown of the demographics for T-6 training. There is a large 
disparity between the number of white males and non-white males. Additionally, white 
males have the lowest attrition rate with the exception of Female Asians and 
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Hawaiian/Other Pacific Islander. The highest attrition rate is Female Black or African 
American. This inequality deserves further exploration but is outside the scope of this 
research. 
Table 6: Attritions by Base 
  Columbus AFB Laughlin AFB Vance AFB Total 
Students 1839 1904 1822 5565 
Student % 33.05% 34.21% 32.74%  
Attritions 138 138 130 406 
Attrition % 7.50% 7.25% 7.14% 7.30% 
Table 6 lists the three bases used for this research and their number of students 
and attritions. The students were fairly evenly spread across the bases. Of the 406 
attritions, Columbus AFB and Laughlin AFB were tied with 138 each but the highest 
percentage of attritions, based on students in attendance, was Columbus AFB.  
Table 7: Attrition Reason by Base 
  Columbus AFB Laughlin AFB Vance AFB Total 
Flying 16.01% 16.26% 19.70% 51.97% 
DOR 7.39% 4.93% 4.68% 17.00% 
Medical 2.96% 3.94% 2.96% 9.85% 
Academic 2.96% 1.97% 1.48% 6.40% 
Other 2.71% 4.68% 2.22% 9.61% 
Fear / MOA 1.97% 2.22% 0.74% 4.93% 
Military 0.00% 0.00% 0.25% 0.25% 
Total 33.99% 33.99% 32.02%  
Attritions by base and reason are listed in Table 7. Of the seven types of attrition 
reasons, flying was the greatest at nearly 52%. Columbus produced a higher than normal 
number of DOR attritions. Laughlin had higher than normal Medical and Other attritions, 
and Vance was above average for Flying attritions. The average graduation percentage 
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for classes at each base is as follows: Columbus AFB: 92.8%, Laughlin AFB: 93.9%, and 
Vance AFB: 93.2% 
After examination of the T-6 student data, the students were separated by their 
classes. This produced 302 classes with a range of 3 to 33 USAF students. Figure 2 
shows the distribution of graduation percentage by class size. The figure does not depict 
the number of classes within each data point.  
Some classes were missing data from multiple students. For example, the class 
size was 24 but data was available for only 4 of those students. When comparing class 
dynamics, it was deemed important to have sufficient data from each class. So only 
classes with data for at least 75% of the class was included in the analysis. Once the 
classes with less than 75% of the student data were removed, the data set contained 188 
viable classes for analysis. 
Class Graduation Percentage 
A metric was required to compare performance against. Since attritions are not 
assigned an overall performance score, a new metric was created. The total number of 
Figure 2: Class Size Class by Graduation Percentage 
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USAF graduating students was divided by the total number of USAF students to attain a 
graduation percentage of USAF students (Equation 1). The new metric became the 
dependent variable for all further analysis.  
𝑦
𝑇𝑜𝑡𝑎𝑙 𝑈𝑆𝐴𝐹 𝐺𝑟𝑎𝑑𝑢𝑎𝑡𝑖𝑛𝑔 𝑆𝑡𝑢𝑑𝑒𝑛𝑡𝑠
𝑇𝑜𝑡𝑎𝑙 𝑈𝑆𝐴𝐹 𝑆𝑡𝑢𝑑𝑒𝑛𝑡𝑠
𝑈𝑆𝐴𝐹 𝐺𝑟𝑎𝑑𝑢𝑎𝑡𝑖𝑜𝑛 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒           1  
The independent (x) variables were the scores from the AFOQT and SDI+ listed 
in Table 8. In addition to these, the Class size, PCSM Score, Flight Hours, and GPA (at 
the time of application) were also considered. After the students were grouped by class, 
the individual student scores were averaged to compare against that class’s graduation 
percentage.  
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Table 8: Available AFOQT and SDI+ Scores 
AFOQT 
Composite 
AFOQT Raw Scores SDI+ Domain SDI+ Facet Scores 
Pilot Verbal Analogies Agreeableness A - Team Player 
CSO Arithmetic Reasoning Neuroticism A - Pleasant 
Academic Word Knowledge Extraversion A - Considerate 
Verbal Math Knowledge Conscientiousness A - Helpful Altruistic 
Quantitative 
Instrument 
Comprehension 
Openness A - Hyper-Competitive 
 Block Counting Machiavellianism 
N - Stress Under 
Pressure 
 Table Reading  N - Temperamental 
 Aviation Information  N - Worry 
 Rotated Blocks  E - Reserved 
 Hidden Figures  E - Sociable 
 Data Interpretation  E - Dominance 
 Electrical Knowledge  
C - Achievement 
Striving 
 Scale Read  C - Order 
      O - Creative 
   O - Reflective 
   O - Scientific Interest 
   O - Cultured 
   M - Envious 
   M - Individualistic 
   M - Self Serving 
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IV.  Analysis and Results 
Overview 
The 188 classes were analyzed using JMP Pro 13. An initial correlation and 
regression were accomplished to find significant variables. Then a Stepwise function was 
utilized to determine if there was a good model which correlated score averages and 
standard deviations to the success of the class. That model was tweaked for currency and 
then simplicity.  Correlations and significant variables were analyzed and discussed. 
Initial Regression Exploration of Mean Scores 
The AFOQT raw scores and SDI+ facet scores were normalized between the 
Form S and Form T by their absolute lows and highs for a value between 0 and 100. 
After the data was normalized, a correlation matrix was run to compare the components 
to the graduation percentage. The components with the highest correlation were 
Instrument Comprehension, Pilot Composite, Scale Read, Flight Hours, and E - Sociable. 
The entire list of correlation results is in Table 9.  
Table 9: Correlation Matrix: Mean Scores to Graduation Percentage 
Category Correlation Category Correlation 
Instrument Comprehension 0.20830 Openness -0.06183 
Pilot Composite 0.17966 Agreeableness -0.06064 
Scale Read 0.16240 M - Individualistic -0.05955 
Flight Hours -0.15522 Hidden Figures -0.05738 
E - Sociable -0.15174 C - Achievement Striving -0.05674 
Rotated Blocks 0.14814 O - Reflective -0.05518 
Block Counting 0.12774 A - Pleasant -0.05372 
Extraversion 0.12156 Conscientiousness -0.05232 
Quantitative Composite 0.12017 O - Creative -0.04718 
A - Hyper-Competitive 0.11800 E - Reserved 0.04066 
Electrical Knowledge -0.11673 Table Reading 0.03748 
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N - Worry -0.10908 M - Envious 0.03583 
A - Helpful Altruistic -0.10896 Verbal Analogies -0.03399 
Math Knowledge 0.10830 Verbal Composite 0.02814 
Arithmetic Reasoning 0.10387 A - Team Player -0.02712 
PCSM Score 0.09122 Data Interpretation 0.02246 
E - Dominance -0.08513 N - Stress Under Pressure 0.02245 
Academic Composite 0.08016 Neuroticism 0.02019 
O - Cultured -0.07970 M - Self Serving 0.01801 
Aviation Information 0.07867 Word Knowledge 0.01297 
CSO Composite 0.07676 C - Order 0.01082 
Class Size -0.07253 O - Scientific Interest 0.00495 
N - Temperamental 0.06828 Machiavellianism 0.00261 
A - Considerate -0.06818 GPA -0.00115 
Using JMP, an ordinary least squares regression was run on the top ten correlated 
components to determine if they would produce a good model. When that failed, a 
regression was completed using all the components. Extensive multi-collinearity was 
found because some scores go into others. When the composite and raw/domain and facet 
scores were analyzed separately it reduced some of the multi-collinearity and highlighted 
some significant variables. Significant variables are those with a p-value less than 0.05. 
AFOQT Composite Score Regression. 
Figure 3 show the regression of the AFOQT composite scores. Academic 
Aptitude has a lot of multi-collinearity, as shown by its high variance inflation factor 
(VIF) score. This is explained by the composite being made up of elements from the 
Verbal and Quantitative Composites. If the Academic Aptitude Composite is removed, 
the other VIF scores drop below seven, and the pilot composite appears as a significant 
variable with a p-value of 0.0255 (Figure 4). 
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Figure 4: AFOQT Composite Regression Analysis Without Academic Aptitude 
AFOQT Raw Score Regression. 
When analyzing the AFOQT raw scores (Figure 5), they all appear to be 
insignificant until Scale Read is removed because of the high VIF score (Figure 6). Once 
removed, the Instrument Comprehension p-value drops to 0.0301 and other high VIF 
scores drop below three.  
 
 
Figure 3: AFOQT Composite Regression Analysis 
Figure 5: AFOQT Raw Scores Regression Analysis 
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SDI+ Domain and Facet Score Regression.  
The SDI+ domain scores all appear to be insignificant (Figure 7), but 
Extraversion is the most significant with a p-value of 0.0899 and Machiavellianism was 
the least significant with a p-value of 0.8770. Figure 8 shows the regression of the facet 
scores. N - Worry, E - Sociable, and M - Individualistic, have a p-value of 0.0399, 
0.0103, and 0.0349 respectively (Figure 8).  
 
 
Figure 6: AFOQT Raw Scores Regression Analysis without Scale Read 
Figure 7: SDI+ Domain Regression Analysis 
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Miscellaneous Factors Regression.  
An analysis of Class Size, Flight Hours, PCSM Score and GPA showed Flight 
Hours and PCSM score were significant with a p-value of 0.0019 and 0.0224 respectively 
(Figure 9). 
 
Correlations. 
Figures 10 and 11 are charts of the scores with the lowest p-values from the 
regression analysis. These charts are a visual representation of the correlations found in 
Figure 8: SDI+ Facet Regression Analysis 
Figure 9: Class Size, Flight Hours, PCSM Score and GPA Regression Analysis 
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JMP. PCSM, Pilot Composite, and Instrument Comprehension show a positive 
correlation and Sociable and Flight Hours show a negative correlation.  
 
The Pilot Composite and PCSM score’s positive correlation seems self-
explanatory. Since these scores are designed to measure pilot aptitude, then a higher 
average score should be indicative of a higher graduation rate. Instrument 
Comprehension measures the ability to recognize an aircraft’s attitude through provided 
instrument pictures (Weissmuller and Schwartz 2007). As it is vital for pilots to be able to 
read their instruments, it makes sense for this test score to be positively correlated to the 
class success. 
Sociable is negatively correlated, which according to its definition in Attachment 
2, seems slightly counter-intuitive. The pilot stereotype is not that of a loner, so an 
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Figure 10: Significant Components by Graduation Percentage 
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average below 55 begs the questions: are pilots more introverted than they appear or do 
those not focused on being social, have better study habits?  
 
Figure 11: Flight Hours by Graduation Percentage 
The negative correlation of average Flight Hours seems intuitive to a small 
degree. From assessing individual performance factors, increased flight hours are 
positively correlated to enhanced performance in pilot training.  It is possible that by 
evaluating the performance of the high performing individuals in a group that the low 
performing individuals would appear even worse through comparison leading to further 
attrition.   
Stepwise Regression Analysis 
Using the most significant variables from the initial exploration failed to produce 
a good model, so the JMP Stepwise function was used. The data was analyzed with a 
validation breakdown of 60% Training (n=113), 20% Validation (n=37), and 20% Test 
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(n=38). The function was set to produce the best Validation R2. From this, two models 
were created, one for Form S analysis, and one for Form T analysis. 
Results of Regression Analysis, Form S Model. 
This model was labeled as the Form S Model because it contains a test element 
from the AFOQT Form S which was removed from the Form T version. It was the first 
created by JMP and contained seven variables: Flight Hours; three raw AFOQT scores: 
Verbal Analogies, Instrument Comprehension, and Hidden Figures; and three SDI+ 
facets: N-Temperamental, N-Worry, and E-Dominance. Figure 12 shows the model 
analysis. The Root Average Squared Error (RASE) delta was 0.0090, or 0.9% average 
variation. This indicates the model created with the training set was a good fit for the test 
set as well. 
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 When this model was applied to the entire data set, the results showed four 
significant variables: Flight Hours, Instrument Comprehension, N-Temperamental, and 
N-Worry. Figure 13 shows the model’s Summary of Fit, Analysis of Variance, Parameter 
Estimates, and Profiler outputs. The F(Model)=5.2911 > F[.05]=2.0608 (where k=7 
numerator degrees of freedom and n=188, so n-(k+1)=180 denominator degrees of 
freedom), and the model’s p-value is less than 0.05, both suggesting, that at a 0.05 level 
of significance, this model of variables is better than a model with only the intercept.  
Figure 12: Form S Model JMP Regression Analysis with Validation 
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Figure 14 shows the actual versus predicted graduation rates when using the Form 
S Model. Figure 15 is a summary of the residual’s distribution. 
 
Figure 13: Form S Model JMP Regression Analysis without Validation 
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Figure 15: Form S Model JMP Residuals Distribution 
Figure 14: Form S Model Actual vs Predicted Graduation Percentage 
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Results of Regression Analysis, Form T Model. 
The first model is good for assessing student composition under the Form S 
version but not the Form T. In order to assess Form T components only, slight tweaks 
were made to the Stepwise function. By removing those raw scores not on the Form T 
version, another model appeared in which Hidden Figures was replaced with Word 
Knowledge, but all other components remained, as shown in Figure 16. The RASE delta 
was 0.0097, or 0.97% average variation. 
 
When the Form T Model was applied to the entire data set, the results were 
similar to the Form S Model, with the same significant variables. Figure 17 shows the 
model’s Summary of Fit, Analysis of Variance, Parameter Estimates, and Profiler. The 
Figure 16: Form T Model JMP Regression Analysis with Validation 
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F(Model)=5.0314 > F[.05]=2.0608 (maintaining the same k and n from the Form T Model) 
and the model’s p-value is less than 0.0001, as with the Form S Model.  
 
Figure 18 shows the Actual versus Predicted Graduation Percentage using the 
Form T Model. Figure 19 shows the residual’s distribution. 
Figure 17: Form T Model JMP Regression Analysis without Validation 
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Figure 19: Form T Model JMP Residuals Distribution 
Figure 18: Form T Model Actual vs Predicted Graduation Percentage 
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Results of Regression Analysis, FINN Model. 
The Form S and Form T Models were created using the Stepwise function in 
JMP, providing an ideal model with an optimized R2. The results of both models 
indicated the same four significant variables. Running those variables as a model by 
themselves also created a good model (Figure 20). The RASE delta between the training 
and test set for this model is 0.00732 or 0.732%, indicating this model’s predicted 
variables were slightly better than the first two models. This simplistic model was dubbed 
the FINN Model. 
When the FINN Model was applied to the entire data set, the results were similar 
to the other models. Figure 21 shows the model’s Summary of Fit, Analysis of Variance, 
Figure 20: FINN Model JMP Regression Analysis with Validation 
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and Parameter Estimates. The profile of the four variables is the same as in Figures 14 
and 18. The F(Model)=7.0234 > F[.05]= 2.4205 (where k=4 numerator degrees of freedom 
and n=188, so n-(k+1)=185 denominator degrees of freedom) and the model’s p-value is 
less than 0.0001, as with the other models. 
 
Figure 22 shows the actual versus predicted graduation percentage. Figure 23 
shows the distribution of the residuals. This model’s residuals are disbursed slightly 
wider than the other two models, signifying that a small amount of accuracy was 
sacrificed for simplicity.  
 
Figure 21: FINN Model JMP Regression Analysis without Validation 
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Figure 22: FINN Model Actual vs Predicted Graduation Percentage 
Figure 23: FINN Model Residuals Distribution 
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Model Comparison. 
The test data root average square error (RASE) for the Form S, Form T and FINN 
models was 0.06051, 0.06127 and 0.06071 respectively.  The Form S had the lowest error 
of any model on the test data, the FINN model came in second and Form T model 
performed the worst.  The three models represent different variations of relationships 
between mean cognitive and personality test scores of the class to the class graduation 
percentage. When comparing the Form S to the Form T, they are very similar in 
outcomes. When comparing the validation against the models, the RASE delta was 
0.0090 for the Form S and 0.0097 for the Form T showing there was little difference 
between the predicted graduation percentages. Of the two, the Form T Model is probably 
more useful as the Form S version is becoming obsolete. 
When comparing the Form T and FINN models the FINN model appears to be 
better. The RASE delta of the FINN model was better at only 0.0073, showing a better 
average predicted graduation percentage. This model is also a simplistic model and 
therefore easier to implement. 
Exploring the Significant Variables  
The correlations of Flight Hours and Instrument Comprehension remained the 
same although their coefficients were reduced. N - Temperamental was positively 
correlated and N - Worry was negatively correlated. According to the definitions of the 
facets in Appendix A, N - Worry seems intuitive, but N - Temperamental does not. Too 
much worry could be detrimental to the group, but an average amount (as indicated by 
the profiler) could lead to healthy amount of concern and induce studying. One would 
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think a person who is more emotionally stable and less erratic would be desirable in a 
high stress situation like pilot training.  
 The four significant variables were further analyzed to look for patterns between 
attritions and graduates. Table 10 shows the average number of Flying Hours and average 
scores for Instrument Comprehension, N-Temperament, and N-Worry. The attrition 
average flying hours is less than the graduates suggesting a more flying experience prior 
to UPT is an advantage to the individual. Instrument Comprehension has a similar 
finding, that a greater understanding of instruments is beneficial to the individual.  On the 
other hand, the average scores for N - Temperamental and N - Worry are only slightly 
higher than those of the graduates.   
Table 10: Comparison of Averages Scores of Attritions and Graduates 
Component All Attritions Graduates 
Flying Hours 38.77 114.63 
Instrument Comprehension 63.84  70.09 
N - Temperamental 48.48 47.47 
N - Worry 49.84 48.13 
 
 Table 11 details the significant variables and their correlation to the performance 
of graduates using the total merit assignment selection system score (TOTMASS) and 
performance of the class using the graduation percentage.  The TOTMASS is a sum of 
four weighted scores: Category Check T-score, Daily Maneuver T-score, Academic T-
score, FLT/CC Ranking T-score, and is 91.7% correlated to class ranking for this data 
set. The correlation to graduation percentage data listed in Table 11 is the same as that 
listed in Table 9. 
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Table 11: Significant Variable Correlation to TOTMASS of Graduates 
This comparison suggests that more Flight Hours are beneficial to individual 
success while a larger mean is detrimental to group success. Instrument Comprehension 
is positively correlated to the success of the individual and group. N-Temperamental is 
negatively correlated to individual success but positively correlated to group success. N – 
Worry is negatively correlated for individual and group success. The difference in 
correlation strength between the individual and group suggests that a higher group 
average has a greater impact on the group than it does the individual.  
An entire list of the category correlations to group and individual success is in 
Appendix B.  The delta between the correlations is also listed. The largest deltas were for 
Flight Hours: 0.36899, PCSM Score: 0.17167, A - Hyper-Competitive: 0.16323, and 
Electrical Knowledge: 0.14955.  The fifth largest was Hidden Figures which was removed 
with the implementation of the Form T. 
Initial Regression Exploration of the Standard Deviation of the Mean Scores 
After the mean scores were analyzed, the standard deviation of the class means 
was analyzed. A correlation matrix was run to compare the components to the graduation 
rate. The correlation matrix results are in Table 12. The five components with the greatest 
correlation were Pilot Composite: -0.24093, Scale Read: -0.23845, Flight Hours: -
0.18963, Instrument Comprehension: -0.18043, and Aviation Information: -0.16884. The 
Component 
Correlation to 
TOTMASS 
Correlation to 
Graduation % 
Flight Hours 0.21377 -0.15522 
Instrument Comprehension 0.21635 0.20830 
N - Temperamental -0.04750 0.06828 
N – Worry -0.02645 -0.10908 
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negative correlation suggests the scores of the students within the class should be 
grouped closer as opposed to wider spread. An interesting note is the top four 
components from this list also appeared as the top four correlations for the averages and 
graduation rate.  
Table 12: Correlation Matrix: Standard Deviation of Mean Scores to Graduation 
Percentage 
A linear regression was run on the top ten correlated components to determine if 
they would produce a good model. A model appeared after removing the high VIF scores 
and highest p-values. The model contained four variables: Flight Hours, CSO Composite, 
Category Correlation Category Correlation 
Pilot Composite -0.24093 Math Knowledge -0.06778 
Scale Read -0.23845 Block Counting -0.06409 
Flight Hours -0.18963 E - Sociable 0.06325 
Instrument Comprehension -0.18043 Neuroticism 0.06129 
Aviation Information -0.16884 Academic Composite -0.06042 
CSO Composite -0.16337 N - Stress Under Pressure 0.06025 
PCSM Score -0.14750 M - Self Serving 0.05973 
Machiavellianism 0.12485 Data Interpretation 0.05424 
C - Achievement Striving 0.12073 Word Knowledge -0.04977 
N - Temperamental 0.12001 Arithmetic Reasoning -0.04870 
Table Reading -0.11236 Quantitative Composite -0.04724 
Conscientiousness 0.09570 A - Helpful Altruistic 0.04213 
E - Reserved 0.09352 O - Scientific Interest 0.03818 
A - Team Player 0.09213 GPA -0.02580 
Hidden Figures -0.09093 Verbal Composite -0.02521 
A - Hyper-Competitive 0.08939 A - Considerate 0.02391 
Agreeableness 0.08706 C - Order 0.01515 
Extraversion 0.08459 O - Reflective -0.01114 
M - Envious 0.07939 E - Dominance 0.01005 
Openness 0.07850 N - Worry -0.00947 
O - Cultured 0.07839 Verbal Analogies 0.00569 
Class Size -0.07253 Rotated Blocks -0.00560 
A - Pleasant 0.07169 M - Individualistic 0.00414 
O - Creative 0.06914 Electrical Knowledge 0.00235 
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Instrument Comprehension, and Openness. Figure 24 shows the model analysis with 
validation. The RASE delta was 0.00345, or 0.345% average variation.  
 
Figure 24: Standard Deviation Model JMP Analysis with Validation 
When the model was applied to the entire data set, Flight Hours, CSO Composite, 
and Instrument Comprehension were all significant below a p-value of 0.05 and 
Openness was slightly less significant at 0.0949. Figure 25 shows the model’s Summary 
of Fit, Analysis of Variance, Parameter Estimates and Profiler. The F(Model)=5.3947 > 
F[.05]=2.4205 (using the same k and n from the FINN Model) and the model’s p-value is 
0.0004.  
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Figure 25: Standard Deviation Model JMP Analysis without Validation 
Figure 26 shows the actual versus predicted graduation percentage. Figure 27 
shows the distribution of the residuals.  
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Figure 26: Standard Deviation Model Actual vs Predicted Graduation Percentage 
 
 
Figure 27: Standard Deviation Model Residuals Distribution 
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V.  Conclusions and Recommendations 
Conclusions of Research  
This research studied USAF pilot class average test scores and how they relate to 
pilot training group performance. The research showed there is a modest linear 
relationship between the group average scores and graduation rate.  
While the highest correlations were found between the graduation percentage and 
Instrument Comprehension, Pilot Composite, Scale Read, Flight Hours, and E - Sociable, 
only two of those components were represented in any of the models, Flight Hours and 
Instrument Comprehension. Those two, along with N - Temperamental, and N - Worry 
held the most significance and were analyzed further.   
Recommendations for Action 
These findings are able to be implemented when placing students in classes. 
According to the FINN Model, small changes in the average class scores could mean 
notable changes in the graduation rate.  For example, for a one-point increase in the 
Instrument Comprehension average, the graduation percentage would increase 0.5%. 
With a one-point increase in N-Temperamental and N-Worry, the graduation rate would 
increase 0.4% and decrease 0.4%, respectively.  More generally speaking, classes should 
be stacked to create higher averages for Instrument Comprehension and N - 
Temperamental, and lower averages for Flight Hours and N - Worry. 
The correlations with Flight Hours presents an interesting question. Why is more 
Flight Hours beneficial to an individual but detrimental to the group? Flight hours outside 
of UPT develops experience and is positively correlated to better performance. The 
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comparison of exceedingly high performing individuals may make the performance of 
low performing individuals seem weaker. Two options are available to managers to 
address this problem. First, the classes could be grouped by flight hours. This would 
reduce the disparities in performance caused by these differences in experience. Couple 
this with the results of the standard deviation regression, and the case for tightening class 
grouping around flight hours is bolstered. Second, individuals with high flight hours 
could be accelerated through the program by being given the option to take check rides 
early. This would also have the added benefit of increasing throughput and thereby 
reducing the pilot shortage.    
Recommendations for Future Research 
The created models are able to account for a small portion of the model variability 
so more research is warranted. A better understanding of the relationship amongst 
variables would be helpful. A machine learning type neural network could be used in 
understanding the outcomes of how components that are high or low interact with each 
other to create a more accurate assumption of the data.  
This research viewed all attritions as the same, a reduction in the graduation 
percentage. But these students were not all the same and their attrition may not have been 
a sign of their ability. Therefore, it would also be beneficial to understand the nature of 
each students’ attrition. There are sometimes cases where individuals DOR because of 
reasons outside of their control, or are medically disqualified although, by all the 
indicators, they are a perfect candidate.  
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There was insufficient data to include the newer Form T raw scores and facets in 
this analysis. The modification of the AFOQT was driven by a desire to better predict 
officer as well as pilot aptitude, so understanding how these new sections affect the 
graduation rate could be an indicator of their success or failure. Future research could 
include a newer data set with the new Form T data points.  
Summary 
This research showed a linear relationship between group averages and standard 
deviations and the graduation percentage.  Classes should be filled with students whose 
scores yield a higher average Instrument Comprehension and N-Temperamental score 
and a lower average N-Worry. Based on average score findings, Flight Hour averages 
should be lower, but the standard deviation analysis suggest grouping students with 
similar individual flight hour amounts would be beneficial. More research is required to 
better understand the differences in attritions, the Form T facets, and how interaction 
between components affects the graduation percentage.   
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Appendix A. Facet Definitions 
 
Facet Definition 
A - Team Player 
The tendency to work well with others to reach a common 
goal. 
A – Pleasant 
Have an agreeable manner and appearance to others, 
pleasing to be around. 
A – Considerate 
The tendency to treat others with kindness and 
consideration. 
A – Helpful-Altruistic The level of active concern for the welfare of others. 
A – Hyper-Competitive 
Being very competitive in nature without concern for 
others. 
N- Stress Under 
Pressure 
Level of susceptibility to stress, especially in pressure 
situations. 
N – Temperamental 
The level to which one is easily upset emotionally and 
erratic in behavior. 
N- Worry 
The level of anxious concern for things, especially those 
that have not yet happened. 
E – Reserved Lacking Social ascendancy and forcefulness of expression 
E – Sociable 
Enjoying or requiring the company of others, fondness of 
companionship. 
E – Dominance Having social ascendancy and forcefulness of expression. 
C – Achievement-
Striving 
The extent to which one has need for personal 
achievement and sense of direction for goal attainment. 
C – Order 
The level of preference for order, arraignment, and 
tidiness in life. 
O – Creative Extent of intellectual curiosity and innovative thinking. 
O – Reflective 
The level of receptivity to one’s own inner feelings, 
emotions, and thoughts. 
O – Scientific Interest 
The extent to which one is interested in science and 
theory. 
O – Cultured Level of appreciation for art and beauty. 
M – Envious 
Resentment towards others due to their success or 
achievements. 
M – Individualistic 
Level of preference for working alone and doing things 
one’s own way. 
M -Self-Serving 
Tendency to serve one’s own selfish interests, especially 
at the expense of others. 
  (Manley, 2011) 
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Appendix B. Group and Individual Success Correlation and Correlation Deltas 
Category 
Group 
Correlation 
TOTMASS 
Correlation 
Delta 
Flight Hours -0.15522 0.21377 0.36899 
PCSM Score 0.09122 0.26289 0.17167 
A - Hyper-Competitive 0.11800 -0.04523 0.16323 
Electrical Knowledge -0.11673 0.03282 0.14955 
Hidden Figures -0.05738 0.08227 0.13965 
E - Sociable -0.15174 -0.02508 0.12666 
Aviation Information 0.07867 0.20325 0.12458 
Table Reading 0.03748 0.15840 0.12092 
Extraversion 0.12156 0.00299 0.11857 
N - Temperamental 0.06828 -0.04750 0.11577 
E - Dominance -0.08513 0.02767 0.11279 
A - Helpful Altruistic -0.10896 -0.00269 0.10627 
Pilot Composite 0.17966 0.28370 0.10404 
Verbal Analogies -0.03399 0.06701 0.10100 
Scale Read 0.16240 0.26249 0.10009 
C - Achievement Striving -0.05674 0.03539 0.09213 
CSO Composite 0.07676 0.16591 0.08915 
N - Stress Under Pressure 0.02245 -0.06032 0.08277 
N - Worry -0.10908 -0.02645 0.08263 
Data Interpretation 0.02246 0.10430 0.08185 
Conscientiousness -0.05232 0.02949 0.08181 
Neuroticism 0.02019 -0.05404 0.07423 
Agreeableness -0.06064 0.01239 0.07303 
Class Size -0.07253 -0.00002 0.07252 
GPA -0.00115 0.07135 0.07251 
E - Reserved 0.04066 -0.03086 0.07152 
Verbal Composite 0.02814 0.09877 0.07063 
A - Pleasant -0.05372 0.01604 0.06976 
M - Individualistic -0.05955 0.00904 0.06859 
Academic Composite 0.08016 0.14399 0.06383 
A - Team Player -0.02712 0.03439 0.06151 
O - Creative -0.04718 0.01210 0.05928 
A - Considerate -0.06818 -0.01560 0.05258 
Arithmetic Reasoning 0.10387 0.15552 0.05165 
M - Self Serving 0.01801 -0.02545 0.04346 
Word Knowledge 0.01297 0.05640 0.04343 
Quantitative Composite 0.12017 0.15645 0.03629 
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Block Counting 0.12774 0.09159 0.03615 
Openness -0.06183 -0.03255 0.02928 
O - Reflective -0.05518 -0.02979 0.02539 
Rotated Blocks 0.14814 0.12489 0.02325 
M - Envious 0.03583 0.01320 0.02264 
Math Knowledge 0.10830 0.13039 0.02210 
O - Cultured -0.07970 -0.09660 0.01690 
Instrument Comprehension 0.20830 0.21635 0.00805 
C - Order 0.01082 0.01420 0.00339 
Machiavellianism 0.00261 0.00569 0.00308 
O - Scientific Interest 0.00495 0.00346 0.00149 
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